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The space probes Pioneer 10 and 
Pioneer 11 are following trajectories 
that cannot be entirely explained 
by conventional physics. Launched 

in 1972 and 1973, respectively, to explore the 
outer planets, the Pioneer craft are now at 
the edge of the solar system, with Pioneer 10 
being some 87 astronomical units (about 13 
billion kilometers) from the Sun. But the data 
indicate the craft are not quite where they 
should be based on the gravitational pull of 
the known bodies in the solar system.

When the craft were at distances of between 
20 and 70 astronomical units, researchers 
found that the Doppler frequency of 
microwave signals that were coherently 
bounced off the craft drifted at a small, 
constant rate from their expected values; 
i.e., there was a small, extra blue-shift, 
time acceleration. But this drift could also 
be interpreted to mean that the craft were 
experiencing a constant acceleration directed 
towards the Sun, at a level that is 10 billion 
times weaker than the Earth’s gravitational 
pull. Even though the most obvious 
explanation for this anomalous deceleration is 
some mundane systematic effect, such as heat 
radiating from the craft or leakage from the 
propulsion thrusters, no such mechanism has 
been demonstrated to date.

The inability to explain the Pioneer anomaly 
with conventional forces has led to several 
theoretical proposals. One is that the 
deceleration is due to the gravitational 
attraction of “dark matter”—the invisible 
matter that astronomers think is responsible 
for the excess gravity that appears to affect 
objects on galactic scales. Other explanations 
involve modifying Einstein’s general theory 
of relativity, which many theorists think is 
necessary in order to merge gravity with 
quantum mechanics. Some of these theories 

suggest that gravity might attract a little 
harder than expected at large distances or 
small accelerations, so the concept of dark 
matter may not even be necessary.

Meanwhile, there are a number of attempts 
to go beyond the standard model of particle 
physics. String theory and/or supersymmetry, 
for example, involve higher dimensions 
of space that introduce new degrees of 
freedom and possible violations of space-
time symmetries such as Lorentz symmetry. 
This could result in very weak forces that act 
on the scale of the solar system, although 
different theories make different predictions 
of the precise corrections to spacecraft 
trajectories.

Some of these theoretical proposals have 
recently been given support by experimental 
results. For example, we now know that the 
expansion of the universe is accelerating, 
and some researchers have detected possible 
variations in the values of the fundamental 
constants. However, no current proposal 
of this type has manifestly explained the 
Pioneer anomaly. It is therefore vital to test 
our understanding of gravity more precisely, 
which is best carried out in the isolation and 
apparent weightlessness of space.

Along with colleagues at the University of 
Bremen, Germany, we are also hoping to 
reanalyze earlier, less precise, Pioneer data 
from the time when the craft were closer 
to the Sun. This should provide valuable 
information about the anomaly in earlier 
stages of the trajectory, and could also reveal 
other interesting properties of the effect, 
particularly during planetary fly-bys.

We have argued that it is time to settle the 
Pioneer issue with a new deep-space mission 
that will test for, and decide on, the origin 
of the anomaly [1, 2]. Any result would be 
of major significance. If the anomaly is a 
manifestation of new or unexpected physics, 
it would be of fundamental importance. But 
even if it turns out to be due to an unknown 
systematic mechanism, understanding the 
anomaly could help engineers build more 
stable and less noisy spacecraft that can be 
navigated more precisely for the benefit of 
deep-space experiments.
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At its Cosmic Vision workshop in Paris 
in September 2004, the European Space 
Agency (ESA) considered plans for a 
number of experiments and missions, many 
of which would test gravity in new ways 
and one of which is designed to test the 
Pioneer anomaly directly. If the anomaly 
is an indication of new physics, finding its 
origin might change our understanding of 
the laws of nature at a very basic level and 
turn our cosmic backyard into the new 
terra incognita.

In what turned out to be a gratifying and 
most encouraging surprise, a number of 
our European colleagues have also become 
interested in developing technologies that 
would enable the precise testing of the 
Pioneer anomaly. So now, almost seven 
years after we and our co-workers Philip 
Laing, Eunice Lau, and Tony Liu published 
the initial analysis of the anomalous 
deceleration, interest has grown to the 
point that ESA is considering a mission 
that would test the Pioneer anomaly to the 
level of a thousand times better that the 
announced value of this mysterious force. 

ESA’s Fundamental Physics Advisory Group 
(FPAG) has just announced its conclusions 
from the Cosmic Vision workshop, to our 
delight, “While not yet convinced that 
the phenomenon cannot be explained by 
spacecraft or measurement systematics, 
FPAG regards this anomaly as having the 
potential to uncover new physics, either 
nongravitational (such as an unknown mass 
component producing a physical drag on the 
spacecraft) or gravitational. It recommends 
that ESA explore the possibility of adding a 
simple and relatively inexpensive package to 
any mission that will explore the solar system 
outside Saturn.”

Such a mission could also be an excellent 
opportunity to develop and test new 
technologies for spacecraft design, in-space 
propulsion, on-board power, and many other 
developments that may ultimately find their 
way into many other space and terrestrial 
applications. 
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Figure 1— 
The Doppler shift of 
radio signals bounced 
off the Pioneer 10 and 
11 probes indicates 
that the craft are 
decelerating slightly 
more than they 
should, no satisfactory 
explanation for their 
anomalous trajectories 
has been found. A 
dedicated space mission 
could solve the mystery.
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